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© Ceramic composite material. 

© A ceramic composite material consisting of single crystal a-AI 2 0 3 and single crystal Y 3 AI 5 Oi2 is provided. 
This composite material has high mechanical strength and creep behavior particularly at high temperatures. 
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BACKGROUND OF THE INVENTION 
1 . Field of the Invention 



anrt an pvrlnln*. - -'T 100 " %M,wnK composite mater.al which has a high mechanical strength 

and an excellent creep res.stance m a wide temperature range from room temperature to high temperature 
and ,s su.tabfe to be used as a structural material at a high temperature 'emperature 



2. Description of the Related Art 

w 

SiC or Si 3 N, has been investigated to develop ceramic materials to be used at high temperatures but is 
not suftoent m high temperature properties. As an alternative material thereof, SiC. SiC ; JomposK materia s 
produced by chemical vapor impregnation, provided by Societe Europeene de Propu.Sn nave Z acted 

rs ^ esSed n7dX S e e ,o D : r ri e T?™* '° * ^ ^ ,emPera,Ure S,rUCtura ' -'eria.s' and have been 
lower developed. The temperature range at which they can be used is reported to be 1 400 • C or 

Mr. T. Parthasarathy et al. in Journal of the American Ceramics Society Vol. 76, No 1 pp29 - 32 M993) 

SS7 Y S : ° 0 f yt,nU : a ' UminUm 9amel timehereinafter reierZ fo as YAG") 

,„ °' , C A *°»-Y3Al5 0, 2 . Mr. Parthasarathy et al. also disclose a method of producing the composite bv 
» umd, ect.ona.ly melt.ng and solidifying a mixed powder of Al 2 0 3 and Win a crucible 

th« V S f om ^ eh ^ nsib,e from « h e description on page 29, right column, lines 9 to 10 and Flos 1 and 2 of 
he hterature that the composite is polycrystalline and includes grain boundaries Thi is cleariv suoooLri 

PartotsS^i 7Th '"" en,0 ' S C0O "" nM •«»*««• <»•' •» composite olsctosod by Mr 

SUMMARY OF THE INVENTION 

BRIEF DESCRIPTION OF THE INVENTION 

F?3 1 i^ d i r X " r3y diff / action P anerns of ,he composite material obtained in Example 1- 
Fig. 3 ,s a photom.crograph of the composite material of Example 1 - < ' 

Ho 5 E Tnt\7 diffraC,i T P f anem ° f ,he com P Qsi,e material obtained in Comparative Example 1 and 
F.g. 5 ,s a photom,crograph of the composite material of Comparative Example 1. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

material (no diffraction peak of 2S was obTJn*^ ,,d,, ' Cat ' on d,rec,,on of the sa ™ ceramic composite 
direction) P ? ° 3 W3S ob,a,nab,e '™ an angle perpendicular to the solidification 
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Fig. 1 shows only a peak at 20=33.26* corresponding to diffraction from (420) plane of YAG. Fig. 2 
shows only a peak at 26 = 37.78* corresponding to diffraction from (110) plane of Al 2 0 3 . These facts clearly 
indicate that the ceramic composite material of the present invention consists of single crystal a-AI ? 0 3 and 
single crystal YAG. 

5 Fig. 4 is an X-ray diffraction pattern from an angle perpendicular to the solidification direction of the 

ceramic composite material prepared in Comparative Example 1. Fig. 4 shows diffraction peaks from (110) 
plane of Al 2 0 3 and (420) plane of YAG. as above, as well as the following peaks: for Al 2 0 3 , diffraction peaks 
at 25 = 26 62* 52 7* and 59.78* corresponding to (012), (024) and (211) planes respectively and for YAG. 
diffraction peaks at 26 = 18.1 *. 27.8 *. 29.78 *, 36.64 \ 38.22 \ 41 .18 *. 46.62 * and 60.7* corresponding to 

jo (211). (321), (400). (422). (431). (521) (532) and (651) planes respectively. This X-ray diffraction clearly 
indicates that the ceramic composite material obtained in Comparative Example 1 was polycrystalline. 

The fact that the ceramic composite material of the present invention consists of single crystal a-AI;0 3 
and YAG and is obviously different from the composite materials obtained by Mr. Parthasarathy et al. and in 
Comparative Example 1. is also supported by Fig. 3 showing a photomicrograph of the ceramic composite 

75 material obtained in: ? Example 1. In the photomicrograph shown in Fig. 3, no colony, grain boundary or 
coarse grain is observed, in contrast to Figs. 1 and 2 of Mr. Parthasarathy et al.'s literature. This 
photomicrograph corresponds well to the result of the X-ray diffraction indicating that the ceramic composite 
material consists of single crystal a-AI 2 0 3 and single crystal YAG. 

Fig. 5 is a photomicrograph of the ceramic composite material obtained in Comparative Example 1. Fig. 

20 5 shows that the ceramic composite material includes colonies, grain boundaries or coarse grains, and 
pores or voids, as shown in Mr. Parthasarathy et al.'s literature. 

It is proved from comparison between Figs. 1 and 2 and Fig. 4 and comparison between Fig. 3 and Fig. 
5 that the ceramic composite material of the present invention is a novel composite material consisting of 
single crystal a-AI 2 0 3 and single crystal YAG, different' from the composite material disclosed by Mr. 

25 Parthasarathy et al. 

In the ceramic composite material of the present invention, the single crystal o-AI 2 0 3 and single crystal 
YAG form a uniform sea'island structure when a cross-sectional microstructure is observed. It is not certain 
but is considered that the sea is single crystal a-AI 2 0 3 and the island is single crystal YAG. The sizes of the 
sea and islands may be varied and controlled by selecting the solidification conditions, but are typically in a 

30 range of 10 to 50 urn. 

The amounts of single crystal a-AI 2 0 3 and single crystal YAG in the composite material of the present 
invention can be varied in ranges of about 20 to 80% by volume of single crystal a-AI 2 0 3 and about 80 to 
20% by volume of single crystal YAG, by changing the proportion between the Al 2 0 3 and YAG starting 
powders. The eutectic composition is 55% by volume of Al 2 0 3 and 45% by volume of YAG. 

35 The ceramic composite material of the present invention can be produced; for example, by the 
following process. 

A mixed powder of a-AI 2 0 3 and Y 2 0 3 powders in a ratio for a desired ceramic composite material is 
prepared by weighing, and mixing. The mixing method is not particularly limited and may be either of a dry 
mixing method or a wet mixing method. In a wet mixing method, alcohol such as methanol and ethanol is 
40 generally used as a medium. 

The mixed powder is then heated to a temperature at which both starting powders are molten, for 
example, at 1800 to 2500 -C. in a conventional furnace, for example, an arc furnace to melt the mixed 
powder. 

Subsequently, the melt is charged in a crucible and then unidirectionally solidified to prepare a ceramic 
45 composite material of the present invention. Alternatively, the melt is once solidified and crushed and the 
crushed material is then charged in a crucible and melted and unidirectionally solidified. 

The atmospheric pressure during the melting and solidification is generally 10" 3 Torr or less, preferably 
10~ 4 Torr or less. The speed of moving the crucible for unidirectional solidification, i.e., the rate of growth of 
the ceramic composite material is generally 50 mm/hour or less, preferably 1 to 40 mm/hour. The control of 
so the conditions other than the atmospheric pressure and crucible moving speed can be done in the same 
manner as in conventional methods. 

If the atmospheric pressure or the crucible moving speed during the melting and solidification is outside 
the above ranges, the material may become polycrystal line, pores or voids tend to appear at colony 
boundaries, and it is difficult to obtain a composite material excellent in mechanical strength and creep 
55 behavior. 

The apparatus for unidirectional solidification may be a conventional one in which a crucible is vertically 
movably mounted in a vertically arranged cylindrical container, an induction heating coil is disposed around 
the approximate center position of the cylindrical container, and a vacuum pump is provided to evacuate the 
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container space. 



EXAMPLES 



5 Examnje 1 



70 



75 



20 



25 



30 



35 



,„hm^™ , P ? (Sum , ,,0mo Chemical Co - Ltd.. AKP-30) and Y 2 0 3 powder (Shin-etsu Chemical Co 

1 1 ^xk ' n u m ° ,ar ra,i ° ° f 82% ° f the ,ormer ,0 18% ° f ^ 'atter were milled in a weT ball Sii 
using ethanol. The obtained slurry was dried in a rotary evaporator ,o remove ethanol 

wholL f^K" 1 '^ P ° Wder °' °" Al2 ° 3 and Y *° 3 was char 9 ed in a crucible placed in a chamber in 

nprr !' 9 ': r ! a " d * * how ""fraction patterns of the composite material obtained from olanes 

e £ C ^ de ?" ned by ab ° Ut 76 ' from ,he Edification direction of the composite mZalS 

from T, i nT T fr ? m (420) P ' ane °' Sin9 ' e CryStal YAG is obs «™<* ^ Fig. 1 and JS^JSSSiSSk 
from (110) plane of s.ngle crystal o-AI 2 0 3 is observed in Fig. 2. which demonsLes Z t T 
composite material consists of single crystal YAG and c-AI 2 0 3 aemonstrates that the above 

dnJ'n'Jt?? 0,omicr °9 ra P h of the composite material. Fig. 3 demonstrates that i'he composite material 
tZSEZT C0, ° ny " 9ra,n b ° Undary - P ° reS ° r -' -is,, and a JZ£Z££l 

h* „I™ 7 echa " ica ' s,ren 9ths of the composite material are shown in Table 1 where the three ooint 
bend.ng strength and compressive creep property were measured in air. P ° 

Comparative Example 1 



40 



45 



50 



Table 1 





Example 1 


Comparative Example 1 


Sapphire fiber 


Three point bending strength (MPa) 


at 1400 *C 
at 1 500 ' C 
at 1600 -C 
at 1 700 • C 


1 490 
490 
410 
370 


. "t 

350 
320 
250 
210 




Compressive creep strength at 1600'C (MPa)* 






at Strain rate 1 x 10 _4 sec- 1 
at Strain rate 1 x 10~ 5 sec-- 


450 
370 


270 
210 


280 
220 



55 Claims 



A ceramic composite material essential* consisting of sing.e crystal a-AI 2 0 3 and 'sing.e crys.a. 
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2. A ceramic composite material according to claim 1 wherein said composite material comprises 20 to 
80% by volume of the single crystal a-AI-CK and 80 to 20°o by volume of the single crystal Y3AI5O1:. 

3. A ceramic composite material according to claim 1 wherein said single crystal o-AI-Os and said single 
5 crystal Y 3 AlsOi2 form a uniform sea'island structure in which sea and islands have a size of 10 to 50 

urn. 

4. A ceramic composite material according to claim 1 wherein said composite material does not include 
colony, grain boundary pores and voids. 

to 
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Fig. 3 
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